A series of cephalosporins containing a novel 7-[2-(Z)-(2-amino-thiazol-4-yl)-3-(dimethoxyphosphoryl)-acryloylamino] group were prepared and their antibacterial activity measured against a range of pathogens. In general the compoundsdisplayed a broad spectrum of activity against both Grampositive and Gramnegative organisms, except Pseudomonasaeruginosa. Activity against the latter could be achieved by introducing a catechol moiety at the 3 position of the cephalosporin. The methyl phosphonates in general were stable to a wide range of /Mactamases, including the TEM enzymes and the Enterobacter cloacae P99 chromosomal enzyme. In addition, they showed the advantage of being highly water soluble.
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The emerging resistance to so-called third generation cephalosporins is largely due to the expression of the new, extended spectrum TEMderived /Mactamases. This is a dynamic problem and newagents are needed to moderate this threat. As part of our programmetowards the development of novel broad spectrum cephalosporins with improved /Mactamasestability we embarked on the synthesis of a series of analogues derived from third generation aminothiazolyl oxime cephalosporins in which the oxime moiety 1 was replaced with a (Z)-substituted olefin 2. At the commencement of this work it was well established in the literature that olefinic replacements for the oxime could lead to useful antibacterial activity. The Meiji group had described the synthesis of carboxyvinyl analogues 2a which displayed good Gram-negative activity,1} the orally active ceftibuten 2b was known to display excellent Gram-negative activity and /Mactamase stability2) and (Z)-vinyl sulphones 2c had been prepared by the Bayer group.3~4)
To extend the range of olefin substituents we have prepared a series of (Z)-vinyl dimethylphosphonates 2d
and herein report their synthesis and biological properties.
Results

Chemistry
Olefination of the glyoxalate 3a5) with the bis-phosphonate 4 afforded the vinylphosphonate ethyl ester 5, as a 1 : 1 mixture of(E) and (Z) isomers which were separated using conventional chromatography.
Attempts to prepare the dimethylphosphonatecarboxylic acid 6 by saponification of (Z)-5 were unsuccessful due to the extreme instability of 6. It appears that in compound6 the methyl phosphonate esters are highly susceptible to hydrolysis catalysed by the neighbouring carboxylate group, and the fully hydrolysed compound 7 is rapidly formed. This intramolecular assisted hydrolysis of phosphonate esters has been observed in related systems.6~8) To circumvent this problem the olefination reaction was carried out on the sodium salt 3b (which is freely soluble in THF) (Scheme 1: Method A). The unstable 6 generated in situ in this reaction was then coupled directly with the cephalosporin amines 10 or ll producing 8 or 9 respectively in a one pot process. Interestingly, only the (Z)-isomers 8 and 9
were produced under these conditions in moderate overall yields. The (Z)-stereochemistry of the vinyl phosphonates was inferred from the 13C-1H coupling constants between the olefinic proton and neighbouring carbon atoms using an inverse heteronuclear multiple bond correlation (HMBC) experiment.9* A 15Hz coupling was observed between the olefinic proton and the carbonyl carbon, indicating a trans relationship, whereas a smaller 9 Hz coupling was observed between the olefinic proton and the carbon within the thiazole heterocycle (cis relationship, Fig. 1 ).
Weattempted a variety of coupling conditions in order to improve the yields for this 'one pot' process. Phosphorus oxychloride (POC13) was found to be the most effective reagent for the reaction. Lower yields of coupled products 8 and 9 were obtained when bis (2-oxo-3-oxazolidinyl Yields for the nucleophilic displacement reactions are given in Table 1 together with spectroscopic data for 13-24. Antimicrobial Activity Compounds13~24 were evaluated in vitro against a screen of commonlyencountered bacteria comprising both Grampositive and Gramnegative organisms ( Table   2 ). Strains expressing plasmidand chromosomallymediated /Mactamases were also included.12>13) The
MICvalues for ceftazidime against the same strains are shown for comparison. MICs were determined by a two-fold agar dilution method using Mueller-Hinton media (Becton Dickinson Ltd., U.S.A.). Exponentially growing cultures were inoculated onto the surface of agar plates using a multipoint inoculator (Denley, UK) to produce an inoculum of approximately 105 cfu ml" l. The plates were incubated at 37°C for 18 hours and the MIC value interpreted as the lowest antibiotic concentration which completely inhibited bacterial growth.
The more active derivatives were tested in an in vivo mouse model of S. aureus infection. The organism was administered by intraperitoneal inoculation into groups of five female CRH(Charles River Hare field) mice. The animals were dosed subcutaneously with antibiotic at four dose levels. The median effective dose (ED50 mgkg"1 dose"1) was calculated using the method described by Litchfield and Wilcoxon.14) The observed in vivo anti-Staphylococcal activity correlated well with the observed in vitro activity.
Discussion
In general the dimethylphosphonates displayed useful aeruginosa. The overall enhanced activity against Gram negative bacteria observed may be due to the catechol group present in the molecule, which could facilitate transfer of the compound across the outer membrane of Gram-negative bacteria via a componentof the bacterial iron transport mechanism. A similar improvement in Gram negative activity on introducing a 3-catechol moiety is observed in other series of cephalosporjns i8,i9) Lack of penetration of the outer membrane may be a limiting factor in activity against bacterial species such as Pseudomonas, which are usually resistant to /Mactam antibiotics. In E. coli, the overall activity of the iron transport system is thought to be under the control of the tonB gene.20) The use of a mutant E. coli strain lacking this tonB gene, yields an increased MIC value whentested against an antibiotic which utilises the iron transport mechanismas an additional meansof gaining entry into the organism. Such an increase was observed with compound22 and may indicate active uptake via the iron transport system. In conclusion, it appears that as a class the dimethyl phosphonates are somewhat less active antibacterial compoundsthan oximes but are significantly more stable to /Mactamases. Thus it seems that the additional steric bulk around the tetrahedral phosphorus atom reduces Requires C 58.7, H 4.7, N 6.4, S 7.3. Found C 58.7, H 5.1, N 6, 4 The sodium salt 3b was converted to the free acid by partitioning between ethyl acetate and aqueous hydrochloric acid. A mixture of the acid (1.04 g, 2.5 mmol) and pentafluorophenol (0.46 g, 2.5 mmol) were dissolved in dichloromethane (70ml) and cooled to -40°C under nitrogen. To this was added dropwise a solution of JAN. 1995 dicyclohexylcarbodiimide (DCG) (0.52g, 2.5mmol) in dichloromethane (10 ml) maintaining the temperature below -30°C. The resulting slurry was allowed to warm to 0°C, then filtered, dried and evaporated to afford a bright orange foam containing the pentafluorophenyl glyoxalate 3c. This compoundwasunstable and wasused directly without further purification. The orange foam was dissolved in dry THF (30ml) and treated at -30°C under nitrogen with a solution of the sodium salt of the bis phosphonate 4 (Lancaster Synthesis, 1.74 g, 7.5 mmol) in THF(10ml) prepared as described in method A. Upon addition of the phosphonate the orange solution turned deep purple. Initially the colour was transient and rapidly dispersed, but at the end of the addition it persisted. The temperature of the reaction was allowed to rise to 0°C over l hour, and after 10minutes at 0°C the reaction mixture was partitioned between ethyl acetate (200 ml together with a mixed fraction of (E) and (Z) isomers (208mg). The combined yield of isomers from 3b was 41%.
(Z)-isomer 12: XH NMR (CDC13): 7.4 (15H, m, 3xPh), 6.7 (1H, d, olefin H H 3.6, N 4.0, S 4.6, H 3.7, N4.1, S4.3, F 13.2. 0E>isomerC 56.9, H 3.6, N 41, S4.4, F 12.8. The above experiment replacing sodium hydride with KN ( 
The fully protected cephalosporin 14a (0.498g, 0.44 mmol) was dissolved in anisole (2 ml) and TFA (5 ml) was added. The mixture was stirred for 10minutes at room temperature then diluted with water (0.5 ml) and diisopropyl ether (30ml). The resulting reddish-brown precipitate was treated with more water to give, after ultrasound treatment, a brown precipitate which was 81 filtered and dried in vacuo at 40°C to give compound 14 (25mg).The filtrate was diluted with water and then concentrated, freeze dried and dried in vacuo at 35°C to give 14 (204mg, total yield 59%) as a light brown solid still containing trifluoroacetic acid. C23H26FIN5O7PS3à" 0.25 CF3CO2H Requires C 35.9, H 3.4, N 8.7, S 12.2. FoundC36.1, H3.5, N8.5, S ll.9. Compound 8 (0.28g, 0.298mmol) was dissolved in anisole (1.5ml) and treated with trifluoroacetic acid (5 ml) at roomtemperature for 20 minutes. The solution was then diluted with water (lml) and washed with diisopropyl ether (10ml). The aqueous layer was freeze dried to afford the title compound as a pale yellow solid still containing trifluoroacetic acid and water. C17H20N5O9PS2 à" 1.35 H2O à" 1.9 CF3CO2H Requires C 33.5, H 3.33, N9.4, H2O 3.26. Found C 33.0, H 3.2, N 9.8, H2O 3.0. Similarly prepared from compound 25 was (6RJR)- 
